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(54) A CATALYTIC COMPOSITION CONTAINING PALLADIUM AND 
CHROMIUM OXIDES 

(71) We, NISSAN MOTOR COMPANY LIMITED, a corporation organized under the laws of 
Japan, of No. 2, Takaramachi, Kanagawa-ku, Yokohama City, Japan, do hereby declare the 
invention, for which we pray that a patent may be granted to us, and the method by which it is to 
be performed, to be particularly described in and by the following statement:- 

Tills invention relates to a catalytic composition for the treatment of exhaust gases containing 50 
hydrocarbons, carbon monoxide and nitrogen oxides. 

It has become a matter of great concern to remove air pollutants from the automotive and 
vanous industnal exhaust gases before they are released to the open air. The exhaust gases usually 
contain noxious compounds such as hydrocarbons and carbon monoxide resulting from partial or 
incomplete combustion of hydrocarbon fuels, and nitrogen oxides produced by the reaction 
between oxygen and nitrogen gases in the air used for the combustion of the fuels at elevated 
temperatures. Emission in untreated condition of these gases imposes a serious problem of air 
pollution. From a viewpoint of preventing this undesirable air pollution caused by the emission of 
these noxious compounds, it is strongly desired to render the exhaust gases harmless by oxidizing 
carbon monoxide and hydrocarbons in the exhaust gases and by reducing or decomposing the M 
nitrogen oxides before die exhaust gases are released. Various types of catalytic compositions have 
been proposed hereinbefore in an attempt to convert the noxious exhaust gas components into 
harmless compounds. Conversions of the harmful components are carried out through chemical 
reactions expressed by the following formulae: 

2CO + 0 2 -* 2C0 2 

4C m H n + (4m + n)0 2 -> 4mC0 2 + 2nH 2 0 
2N x O y +2yCO x xN a +2yC0 2 
2N x O y -> xN 2 + y0 2 

where m, n, x and y are, respectively, integers which are determined appropriately. 

A catalytic composition used to accomplish these purposes, particularly in internal combustion 
engines of motor vehicles, should meet the following requirements: 

(1) Prolonged active life showing optimum reactivity for oxidation or reduction of the 
respective noxious compounds over as long a period of time as possible. 

tl\ k>w-temperature activity, viz., capability of being active at relatively low temperatures. 

(J) Satisfactory conversion efficiency for oxidizing combustible compounds and reducing 
nitrogen oxides contained in the exhaust gases within a temperature range of I00°C to 900°C. 

(4) Sufficient mechanical strength, in particular resistance to attrition and to mechanical 
shocks, oscillations and vibrations while in operation. 

(5) Low resistance to the flow of exhaust gases through the catalytic composition. 
Of these, the requirements (2), (4) and (5) will not be satisfactorily met by known catalytic 

compositions in the form of spheres, pellets or tablets. However, the requirements are all met by a 
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(54) A CATALYTIC COMPOSITION CONTAINING PALLADIUM AND 
CHROMIUM OXIDES 

(71) We, NISSAN MOTOR COMPANY LIMITED, a corporation organized under the laws of 
Japan, of No. 2, Takaramachi, Kanagawa-ku, Yokohama City, Japan, do hereby declare the 
invention, for which we pray that a patent may be granted to us, and the method by which it is to 
be performed, to be particularly described in and by the following statement:- 
5 This invention relates to a catalytic composition for the treatment of exhaust gases containing 50 
hydrocarbons, carbon monoxide and nitrogen oxides. 

It has become a matter of great concern to remove air pollutants from the automotive and 
various industrial exhaust gases before they are released to the open air. The exhaust gases usually 
contain noxious compounds such as hydrocarbons and carbon monoxide resulting from partial or 
incomplete combustion of hydrocarbon fuels, and nitrogen oxides produced by the reaction 55 
between oxygen and nitrogen gases in the air used for the combustion of the fuels at elevated 
temperatures. Emission in untreated condition of these gases imposes a serious problem of air 
pollution. From a viewpoint of preventing this undesirable air pollution caused by the emission of 
these noxious compounds, it is strongly desired to render the exhaust gases harmless by oxidizing 
15 carbon monoxide and hydrocarbons in the exhaust ^ases and by reducing or decomposing the GO 
nitrogen oxides before the exhaust gases are released. Various types of catalytic compositions have 
been proposed hereinbefore in an attempt to convert the noxious exhaust gas components into 
harmless compounds. Conversions of the harmful components are carried out through chemical 
reactions expressed by the following formulae: 

20 

2CO + 0 2 +2C0 2 03 
4C m H n +(4m + np 2 4mC0 2 + 2nH 2 0 
2N x O y + 2yCO x xN 2 + 2yC0 2 
25 2N x O y -> xN 2 +y0 2 70 

where m, n t x and y are, respectively, integers which are determined appropriately. 

A catalytic composition used to accomplish these purposes, particularly in internal combustion 
engines of motor vehicles, should meet the following requirements: 75 

(1) Prolon^d active life showing optimum reactivity for oxidation or reduction of the 
respective noxious compounds over as long a period of time as possible. 

£9 ^° w - tem P erature activity, viz., capability of being active at relatively low temperatures. 

(3) Satisfactory conversion efficiency for oxidizing combustible compounds and reducing 

33 nitrogen oxides contained in the exhaust gases within a temperature range of 1 00°C to 900°C. 80 

(4) Sufficient mechanical strength, in particular resistance to attrition and to mechanical 
shocks, oscillations and vibrations while in operation. 

(5) Low resistance to the flow of exhaust gases through the catalytic composition. 

Of these, the requirements (2), <4) and (5) will not be satisfactorily met by known catalytic 
«u compositions in the form of spheres, pellets or tablets. However, the requirements are all met by a 85 
catalytic composition in the form of a lump or block having a volume equivalent to from several 
tenths of a liter to several liters and having therein a number of th rough-passages extending in one 
or two directions. Such a catalytic composition is generally called a "monolithic or block catalytic 
composition and will be herein referred to as such. The monolithic catalytic composition 
45 structure has typically a honeycomb-like or a sieve-like cross section. In contrast to such a 90 
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monolithic catalytic composition, the catalytic composition in the sphere, pellet or tablet form 
wfll be called herein a "non-mcmonthic catalytic composition". P The monolithic Tatdy™ 
SSh % " conade * d * UItaWe ' fw use particularly in treatment of automotive exhaust Tes 
c £?™J? the n on-monohtiiic catalytic composition is acceptable for use in the treatment of 
5 exhaust gases from industrial power plants and automotive internal combustion engines as well < 
memodsT C ^ COmposition ma y be P re P ared b V "V of the foUowinithree different 
i) A mixture of catalytic agents and a carrier material is first prepared by mixine or bv 

,n S^ 0 "' ^ miX ^f , b 4611 ra0ulded int0 a s P ccific monoUmicform a^Sed to 
10 produce a monolithic catalytic composition. lu 

«rf^M CM tt are - preci P itated on 3 Previously moulded monolithic carrier structure by a 10 

suitable method and then sintered to form a monolithic catalytic composition SWUCTOre V a 
nr P re *ously moulded monolithic carrier structure is impregnated with a solution of salts 

i s mnSSS.- 6 ™? ° f com P° nen ^ ™« then the resultant carrier is smtered to give a 

15 monolithic catalytic composition. & 

"The catalytic carrier" mentioned above is intended to define a carrier havine a specific 15 
Stmctareamflarto that of the monolithic catalytic composition defined hereinbefore 8 P 
J?*™ Afferent methods mentioned above, the methods (0 and (ii) involve various 
technical problems to be solved and thus are unacceptable for practical applicants HowWer file 
20 method (m) is easy to carry out and suitable for use in the production of a monoii™Svtic 2ft 
compositon which is sufficiently active and durable. mononuuc catalytic 20 

A variety of catalytic agents are presently available for the purpose of removing noxious 
Kina d r ( r ° m * e . exhaust «n«ted from the automotive internal coI2 
mcludmg: (a) a catalytic agent containing copper oxide with or without the followinr man Jnese 
J'tTr OX | d f 5* (b) a catalytic agent containing 25 

bXT^^^n T Dt co * tainin 8 and chromium oxide with or wiZut 

banum oxide, and (d) palladium and copper oxide and at least one of the following: chromium 
£"5 ™ de ™* magnesia. These catalytic agents, however, are not fully a£e~ 
™f 5h ^ "PS (a) - h "\ a ^advantageously short active or durable life because of the 
*r ° onta "* d therein, though excellent in low-temperature activity, and the ^ytic 30 
ff £2? ^ com P° s ? d of manganese oxide is poor in its low-temperaftiK ! activitywhermed 
ri»5^J ^onteimng therem a large amount.of moisture as in exhaust gases of induS power 
plants or automotive ^ internal combustion engines. Moreover, the catalytic agent W is also 
disadvan tegeoudy deficient in low-temperature activity and the catalytic aSnt (d) has a 
35 ihsadvantageously short active life as well because of the c^r oxide c3ned titereL « 
According to the present invention, there is provided a catalytic composition for treatine 

r±^itir S COntainfag Carb ? n m0noxide » hydrocarbons and mtrogen S said STst 
composition compnsmg a carrier and palladium and chromium each being in oxide form the 
ffSSE a " dchronuum t b eing supported by the carrier, the palladium being presenTin an amount 
to 3 0*11 a to!nf ™ m$ f htre ° f me chro mium being present in an amount of 0.5 40 

S ^ htrC - ? f Cari ? er ' 3,1(1 *" ^Position being free from copper oxide, the 
composition further comprising at least one further oxide having catalytic activity and selected 
™" magnesium, strontium, zirconium, bismuth, vanadium and aluminium oxides, the 
f n f™ atoms of the metal or metals of said at least further oxide being within the 
range of 1/50 to 1/2 of the amount in gram atoms of the chromium. 4< 
Research and development work has been carried out by the present inventors to find a 

Side " """V " nd r i eve 7 e condi «ons as in the exhaust system of a motof 

■ °i ■ Mch 3,1(3 development efforts, it has been found that a catalytic 

S,?n? Z 1- , a " :ordance J?* invention shows satisfactory low-temperature activity Ld 50 
S2frf S l° fl 7 ufe of activity when used for removing air-contaminants from exhaust 
£Ti.SJK dari X! automotlve l ..mternal combustion engines. The reasons for the increased 
InT^nf ~ durabuit y f the catalytic composition cannot be fully explained at 

55 SlSFi&S M d dev t 1 ?P n l e ? t ? owever ' ftese «* considered to be due to the following 

^ m ^r oxide contained in the composition has a high low-temperature activity^ 55 
^,rrr^ Wd Va ^° US h Y*™* boa * and is most excellent in durability! Chromium oiides 
which may occur in vanous oxide foims are considerably active on hydrocarbons Furthermore 
copper oxides are not contained in the catalytic composition, so mat theTtivitJ of meTaS 
composition is maintained over a long period of time. * caiaiyric 

60 In this Specification, when we refer to the volume of the carrier, we mean the total volume at 

SuSf t Srzf intem l voi % l l carrier * monolithic Md S mZ £ o3 £ 60 

mcludmg the voids between parties if the carrier is non-monolithic. 

r JH^tWn^ ran r ° f .* e Pf/^m and chromium specified above are determined as a 
result of the followmg obseivations. If palladium in the oxide form is deposited on 1 liter of a 
65 earner ,n an amount less than 0.0003 gram atoms, the resultant catalytic competition fafls to te 
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active on ^-pollutants, particularly carbon monoxide, and thus the amount of palladium should 
be greater than 0.0003 gram atoms per liter of a carrier. However, in practical applications, the 
amount of palladium in the form of oxide must be less than 0.1 gram atoms per 1 liter of a carrier 
mainly for economic reasons. Unless chromium oxide is deposited on 1 liter of a carrier in an 
amount over 0 05 moles as metal, the chromium oxide is hardly effective for conversion of 
air-pollutants. If the amount of chromium in the oxide form is more than 3.0 gram atoms per liter 
of the earner, then not only is the activity of the catalytic composition low presumably because of 
low surface area of the chromium oxide, but also the chromium oxide incompletely adheres to the 
earner and tends to be entrained in the stream of exhaust gases and discharged into the open air 
causing heavy metal contamination of the air. Thus, the concentration of the chromium in the 
form of chromium oxide must be within the range of 0.05 - 3.0 gram atoms per liter of a carrier. 

As a result of a series of extensive studies for further improving the activity and durability of 
the catalytic composition in accordance with the present invention, it has been found that the 
low-temperature activity and durability or stability of the catalytic composition is markedly 
15 improved by the presence of the one or more of oxides selected from oxides of barium 15 
magnesium and strontium. Furthermore, the presence of the at least one oxide having catalytic 
activity and selected from oxides of zirconium, bismuth, vanadium and aluminium is found to 
improve the durabihty of the composition. The reason for such improvement in activity and 
durabihty or stability by the incorporation of the above-mentioned compounds into the 
zo composition is not known at present. 20 
The total amount in gram atoms of the metal or metals of said at least one oxide selected from 
c ?C banum > magnesium, strontium, zirconium, bismuth, vanadium and aluminium is 1/50 - 
1/2 of the amount in gram atoms of the chromium of the chromium oxide. The total amount in 
gram atoms of the above-mentioned oxide or oxides may be varied within the range mentioned 
25 irrespective of the number and types of the oxides selected. If, however, the oxides are used in a 25 
concentration below the lower limit specified, the intended effects of the oxides, i.e. the 
improvements in durability and activity of the catalytic composition obtained, are not achieved If 
the concentration of the oxide or oxides is higher than the upper limit specified above, the activity 
of the catalytic composition is decreased. v ■ 

30 The carrier for use in the catalytic composition according to the present invention may be of 30 
alumina, swea-magnesia or baked clay. The carrier may be monolithic or non-monolithic. The 
monolithic earner may be formed from a material containing alumina such as cordierite, 
beto-spodumene or alpha-alumina. The non-monolithic carrier such as in the form of spheres, 
pellets or tablets may be formed from a material containing alumina such as ripha-dumina, 
35 gamma^lurnma, delta-dumina or chi-alumina. If desired, the monolithic carrier formed of 35 
cordiente, beta-spondumene or alpha-alumina may be improved by coating an activated alumina 
such as gamma-alumina or kappa-alumina on the surface of the base material. The carrier of this 
particular type will be hereinafter referred to as an "alumina-coated monolithic carrier" or a 
coated earner for convenience. 
40 Methods of preparing the catalytic composition of the present invention are described 40 
Hereinafter. One of the methods comprises: forming a carrier in suitable form; immersing the 
earner m a solution of water-soluble compounds or salts of palladium and chromium; and 
thereafter sintering the carrier at a temperature of 600 - 900°C. The water-soluble compound or 
salt of palladium may be palladium nitrate, palladium bromide, palladium chloride or palladium 
sulfate, and those of chromium may be chromium nitrate, chromium acetate, ammonium 45 
cuenromate, ammonium chromate or chromium trioxide. Further, at least one salt or other 
compound of banum, magnesium, strontium, zirconium, bismuth, vanadium and aluminium must 
be incorporated in the solution. Barium nitrate, barium acetate, barium formate, barium chloride, 
banum bromide or banum iodide may be used as a barium salt; magnesium nitrate, magnesium 
acetate, magnesium chlonde, magnesium bromide or magnesium iodide as a magnesium salt; 50 
strontium nitrate, strontium chloride, strontium bromide or strontium iodide as a strontium salt; 
zirconyl nitrate, zirconium nitrate, zirconium chloride or zirconium iodide as a -zirconium salt; 
bismuth mtrate, bismuth chloride or bismuth bromide as a bismuth salt; bismuth oxide may be 
used instead of the bismuth salt; vanadium chloride or vanadium bromide as a vanadium salt, 
™ vanadium oxide may be used instead of the vanadium salt; and aluminium nitrate, duminium 55 
acetate, aluminium chlonde, aluminium bromide or aluminium iodide as an aluminium salt 

Another method of the present invention comprises: imxing chromium hydroxide powder and 
paUadium hydroxide powder prepared by a precipitation method, and activated alumina powder 
m Yl i dumma sol; moulding the resultant mixture into a suitable form; and sintering the moulding, 
bu At least one hydroxide selected from hydroxides of barium, magnesium, strontium, zirconium, 60 
bKmuth and vanadium is incorporated in the mixture before moulding to improve the properties 
of the cataly t composition, particularly activity and durability. - 

Still another method of preparation of the catalytic composition in accordance with the present 
invention comprises mixing chromium hydroxide powder, activated alumina and alumina-sol; 
03 moulding the mixture into a suitable form ; immersing the moulding into a solution of a paUadium 65 
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salt; drying and subsequently interingthe resultant moulding at a temperature of 600 to900°C. It 
should be noted that any one of the palladium salts mentioned hereinbefore may be applied in this 
method. Furdicrmore, at least one hydroxide selected from hydroxides of barium, magnesium, 
strontium, zirconium, bismuth, and vanadium must be incorporated in the mixture before 
moulding for the same reason as described above. 

The present invention will be more exactly understood from the following examples of die 
invention and through comparison between these examples and comparative examples, 
Comparative Examples 1 to 7 being directed to prior art catalytic components and specimens 
obtained from Comparative Examples 8 to 12 having the same components as in the present 
invention but not falling within the ranges of this invention. The accompanying drawing illustrates 
a graph indicating the relationship between the conversion efficiency (to be defined later) of 
carbon monoxide, propane and nitrogen monoxide and temperatures of a catalyst bed used. 
Example / 

A 0.785 litres cordierite block carrier was immersed in 3.0 litres of an aqueous solution of a 
15 mixture of palladium nitrate, chromium nitrate and barium nitrate wherein the concentrations of K 
palladium ions, chromium ions and barium ions were 0.77 gram ions, 0.50 gram ions and 0.1 0 
gram ions, respectively, per liter of the solution. The thus immersed carrier was removed from die 
solution, dried at a temperature of 120°C, and tiien sintered in a stream of air at a temperature of 
800 C for 4 hours. The resultant monolithic block catalytic composition contained 0.015 gram 
20 atoms of palladium, 0.1 0 gram atoms of chromium and 0.02 gram atoms of barium, all in oxide ™ 
form. *** 
Example 2 

A 0.785 liter beta-spodumene monolithic block carrier was immersed in a commercially 
available alumina sol. Then, die immersed carrier was removed and sintered at 700°C for 3 hours 

25 to deposit thereon gamma-alumina. The same process was repeated two times so that die ->c 
monolithic carrier was finally coated with a total of 23% by weight of gamma-alumina. The 
alumina-coated monolithic carrier thus obtained was immersed in 3.0 liters of an aqueous solution 
of a mixture of palladium nitrate, chromium nitrate and barium nitrate wherein die concentrations 
of palladium ions, chromium ions and barium ions were 0.020 gram ions, 0.64 gram ions and 

30 (1043 gram ions, respectively, per liter of the solution. The thus treated carrier was removed from in 
the solution, dried at 120 C for 1 5 hours and sintered in a stream of air at 750°C for 6 hours. 

The resultant alumina-deposited monolitiiic block catalytic composition contained 0.005 gram 
atoms of palladium, 0.1 5 gram atoms of chromium and 0.01 gram atoms of barium, all in oxide 
form. 

35 Example 3 

1 liter of a commercially available 6 to 8 mesh (Tyler Standard screen mesh) activated 35 
non-monolitiiic alumina (gamma-alumina) carrier was immersed in 1.35 liters of an aqueous 
solution of a mixture of palladium nitrate, chromium nitrate, and barium nitrate wherein die 
concentration of palladium ions, chromium ions and barium ions were 0.022 gram ions, 1.10 gram 

40 »ons and 0.22 gram ions, respectively, per liter of die solution. The Uius immersed carrier was a* 
removed from the solution, dried at 120°C for 15 hours and then sintered in a stream of air at 
750 C for 5 hours. The resultant non-monolithic catalytic composition contained 0.010 gram 
atoms of palladium, 0.50 gram atoms of chromium and 0.10 gram atoms of barium in 1 liter of the 
catalytic composition, all in oxide form. 

45 Example 4 

Example 2 was repeated except that a 0.785 liter cordierite monolithic block carrier was 45 
immersed in a commercially available alumina sol. Then, the immersed carrier was removed and 
sintered at 700 C for 3 hours to deposit thereon gamma-alumina. The same process was repeated 
two times so that the monolithic carrier was finally coated widi a total of 21% by weight of 

50 gamma-alumina. The alumina-coated monolithic carrier thus obtained was immersed in 3.0 liters of 50 
an aqueous solution of a mixture of palladium nitrate, chromium nitrate and magnesium nitrate 
wherein the concentrations of palladium ions, chromium ions and magnesium ions were 0.018 
gram ions, 0.29 gram ions and 0.0036 gram tons, respectively, per liter of the solution. 

The resultant block catalytic composition contained, deposited on the carrier, 0.005 gram 

55 atoms of palladium, 0.08 gram atoms of chromium and 0.001 gram atoms of magnesium, all in 55 
oxide form. 
Example 5 

Example 3 was repeated except that I liter of a commercially available 6 to 8 mesh (Tyler 
vf^ i- rd SCrCCn mesh * activated non-monolidiic alumina (chi-alumina) carrier was immersed in 
60 1.50 liters of an aqueous solution of a mixture of palladium nitrate, chromium nitrate and 60 
magnesium nitrate wherein the concentrations of palladium ions, chromium ions and magnesium 
ionswere 0.20 gram ions, 2.0 gram ions and 0.20 gram ions, respectively, per litre of the solution. 

The resultant non-monolithic catalytic composition contained 0.010 gram atoms of palladium, 
1.0 gram atoms of chromium and 0.10 gram atoms of magnesium and 1 liter of die catalytic 
65 composition, all in oxide form. 65 
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Example 6 

Example 1 was repeated except that a 0.785 liter beta-spodumene monolithic block carrier was 
immersed in 3.0 liters of an aqueous solution of a mixture of palladium nitrate, chromium nitrate 
and strontium nitrate wherein the concentrations of palladium ions, chromium ions and strontium 
5 ions were 0.096 gram ions, 1.30 gram ions and 0.064 gram ions, respectively, per liter of the 5 
solution. 

The resultant monolithic block catalytic composition contained therein 0.01 5 gram atoms of 
palladium, 0.20 gram atoms of chromium and 0.01 gram atoms of strontium, each in an oxide 
form. 

10 Example 7 10 
Example 2 was repeated except that a block of a similar alumina coated monolithic carrier to 
that used in Example 4 was immersed in 3.0 liters of an aqueous solution of a mixture of 
palladium nitrate, chromium nitrate and strontium nitrate wherein the concentrations of 
palladium ions, chromium ions and strontium ions were 0.018 gram ions, 2.9 gram ions and 0.11 
15 gram ions, respectively, per liter of the solution. 15 
The resultant block catalytic composition contained 0.005 gram atoms of palladium, 0.80 gram 
atoms of chromium and 0.03 gram atoms of strontium in oxide form. 
Example 8 

Example 1 was repeated except that a block of a similar monolithic carrier, to that used in 
20 Example 6 was immersed in 3 liters of an aqueous solution of a mixture of palladium nitrate, 20 
chromium nitrate, barium nitrate and magnesium nitrate wherein the concentrations of palladium 
ions, chromium ions, barium ions and magnesium ions were 0.13 gram ions, 1.30 gram ions, 0.13 
gram ions and 0.13 gram ions respectively, per liter of the solution. 

The resultant block catalytic composition contained therein 0.020 gram atoms of palladium, 
25 0.20 gram atoms of chromium, 0.020 gram atoms of barium and 0.020 gram atoms of magnesium, 25 
eachin an oxide form; 
Example 9 

.Example 2 was repeated except that a block of a similar alumina-coated monolithic ;carrier. as 
used in Example 4 was immersed in 3.0 liters of an aqueous solution of a.raixture of palladium 
30 nitrate, chromium nitrate, barium nitrate and strontium nitrate wherein the concentrations of 30 
palladium ions r chromium ions, barium ions and strontium ions were 0.029 gram ions, 0.55 gram 
ions, 0. 1 8 gram ions and 0.0036 gram ions, respectively, per liter of the solution. 

The resultant monolithic block catalytic composition contained 0.008 gram atoms of 
palladium, 0.15 gram atoms of chromium, 0.05 gram atoms of barium and 0.001 gram atoms of 
35 strontium, each in oxide form. 35 
Example 10 

Example 3 was repeated except that 1 liter of a similar non-monolithic carrier to that used in 
Example 3 was immersed in 1.35 liters of an aqueous solution of a' mixture of palladium nitrate, 
chromium nitrate, magnesium nitrate and strontium nitrate wherein the concentrations of 

40 palladium ions, chromium ions, magnesium ions and strontium ions were 0.022 gram ions, 1,10 40 
gram ions, 0.022 gram ions and 0.022 gram ions, respectively, per liter of the solution. 

The resultant catalytic composition contained metal oxides in which 0.010 gram atoms of 
palladium, 0.50 gram atoms of chromium, 0.01 gram atoms of magnesium and 0.01 gram atoms of 
strontium were present in 1 liter of the catalytic composition. 

45 Example 11 45 
Alkali-free hydroxides in the form of dried powder prepared by a precipitation method, viz. 
1.50 gram, atoms of chromium in the form of chromium hydroxide and 0.10 gram' atoms of 
barium in the form of barium hydroxide, and 1 liter of activated alumina powder (200 - 250 
mesh Tyler standard screen mesh were mixed well in a mortar, 0.5 liters of alumina sol containing 

50 10% by weight of alumina were added to the mixture and water was farther added to the mixture 50 
to give a suitable consistency thereto. Then, the resultant mixture was moulded into 3 x 3 ram 
tablets by means of a compression type tableting machine. The thus moulded tablets were dried at 
120 C for 15 hours and were then immersed in 1 liter of an aqueous solution containing 0.02 gram 
atoms of palladium in the form of palladium nitrate. The thus immersed tablets were removed 

^ from the solution, dried at 120°C for 1 5 hours and sintered in a stream of air at 700°C for 8 hours 55 
to obtain catalytic tablets having, as catalytic components, oxides of chromium, barium and 
palladium. * - 

Example 12 

Alkali-free hydroxides in the form of dried powder prepared by a precipitation method, viz., 
w 0.30 gram atoms of chromium in the form of chromium hyrodixe and 0.005 gram atoms of 60 
magnesium in the form of magnesium hydroxide, and 1 liter of activated alumina powder 
(200 — 250 mesh (TyleT Standard screen mesh) were mixed well in a mortar. 0.5 liters of alumina 
sol containing 10% by weight of alumina were added to the mixture and water was further added 
to the mixture to give a suitable consistency thereto. The resultant mixture was moulded into 3 x 
03 3 mm tablets by means of a compression, type tableting machine. The thus moulded tablets were 65 
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fJ^fS for 11 15 .. hour ? then immersed in 1 liter of an aqueous solution containing 0 01 
gram atoms of paUadium in the form of palladium nitrate. The thus immersed taMete were 
removed from the solution, dried at 120°C for 15 hours and sintered I m a Ttream of ah !t 7M°r 

Example 13 5 

Alkali-free hydroxides in the form of dried powder prepared by a precipitation method vi7 
0.50 gram atoms of chromium in the form of chromium hydroxidei O.tWffam atoms oKta 
m tStST ° f %tX ™*T hydroxide and 0.010 gram atoms of paUadium I foe Sn of Sum 
10 hydroxide were mixed weU in a mortar. To the mixture were added 1 Uter of acLteSuS .n 
powder (200 - 250 mesh per inch) and 0.5 liters of alumina sol conSng 10% T weiZtf 10 
alumina and water was further added to the mixture to give a suitable cSencv Ko The 
W3S ^"JT 3x3mm tablets by means S^^SSSS^S& 
i r T^SiJft f m ™ m « i tablets were dried at 120°C for 15 hours and stotered to a streak! 

15 ctol™^ 15 
Example 14 

Alkali-free hydroxides in the form of powder prepared by a precipitation method viz. 020 
Hi fl n VT ° f ch J-° mlum J in f0nn of chro mium hyrdroxide, 0 01 gram atLTof bariu^ta ihe 

addedT^ 

25 tTl^ "ft*"? moulded into 3 x 3 mm tab ete bfme^ of a cXSo^ 

25 type tabletog machme. The thus moulded tablets were dried at 1 20°C for IShoun. VS^EZ^ 

^&iSS3£f™* containing 0.02 gram ^^,^^5^^335! 
nitrate. The tablets thus immersed were removed from the solution dried at 120°C for is w. 
and smtered in a stream of air at 700°C for 8 hours to give ca%c tablete hXng, 2 S 
30 SSSJfcS* of chroraiura ' barium > magnesium^nd palladium & 35 

n Rn^'^f hydr ° X l des m fte form of P° wder Prepared by a precipitation method, viz. 
?h? ff"" ?£™ of ^™T m *• foim of chromium hyaroxide, 0 Ltf^SnSSl 
oSlS^iT"' 1 ^ d „°$ de > ?-02 atoms of strontium to the fonn of sKtEydrSEnd 

35 To tneS™ f f^T-^ ^ f °™ <* PfDadium hydroxide, were mixed weU m amorS 
screen S^ST^fi™ rfF * al ? mma powder (200 " 250 mesh OVler Standard 35 

iurtterSd^? ftf SZZ-^T* s<A .^^S by weight of alumina, and water was 
Sued into r^TS^ 3 SU,tahle cons ktency thereto. The resultant mixture was 
S driest ?20°rTr ^ ^. by "S"? f f * COmpression **** ^Me^S The tablets 

40 tebU LS/f 1 h ours and ^ered m a stream of air at 7<X?C for 8 hours to give 

pSSn & ° atalytiC com P° nents ' o*** of chromium, barium, strontium fnd 40 

Example 16 

ExS P ! e i« WaS n ^!!f d W. ftat , a bl0ck of a similaT monolithic carrier to that used in 
fcxample i was immersed in 3.0 hters of an aqueous solution of a mixture of Dalladium nitrate 

£r «f d ,w C T? 1 °^ WEre O- 077 *»» ions . 100 gram ions and 0.15 gram ions Actively m 
Soms oSal aLrn^n ""^f * m ™***> block composition contained O.m 5* 

atoms of palladium, 0.20 gram atoms of chromium and 0.03 gram atoms of zirconium, all in oxide 

50 Example 17 

thafuSn 2 ^ m T a l ed 6XCept Wock of a 811,1331 alumina-coated monolithic carrier to 
ScS ^trS^f *• W * .J™"*? fa 3 -° ««ers of an aqueous solution of a mixture of 
SnS^LS^* re T m mtrate . and ^oa* 1 mtrate whereto the concentrations of paUadium 

The resultant block catalytic composition contained 0.010 gram atoms of palladium 0 50 n-am 
*Spi S° a07 ^ atoms ° f zirconium ' * m «SSfST P ' ^ 

60 noSSS*^ J* 88 . repeated except that 1 litre of a commercially available activated 
talTof^^ P roduct m »de of delJalumina and having a 

SS^aJSS ^ ™ me f d . ln 1-20 hters of an aqueous solution of a mixture of palladium 
JSJ ™?J?^ te "5? bismtt * nitrate wherein the concentrations of paUadium ions, 

65 s^Sitf oftar' 0022 ^ ions ' 044 >-» ^ - d °^ 2 *™ io -- 

The resultant catalytic composition contained 0.010 gram atoms of paUadium, 0.20 gram, atoms 65 



50 



55 



60 
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of chromium and 0.01 gram atoms of bismuth in 1 liter of the catalyst composition, all in oxide 
form. 

Example 19 

Example 1 was repeated except that a block of a monolithic carrier similar to that used in 
5 Example 6 was immersed in 3 liters of an aqueous solution of a mixture of palladium nitrate, 5 
chromium nitrate and vanadium trioxide wherein the concentrations of palladium ions, chromium 
ions and vanadium ions were 0.064 gram ions, 2.2 gram ions and 0.064 gram ions respectively, per 
liter of the solution. 

The resultant monolithic block catalytic composition contained, 0. 1 0 gram atoms of palladium, 
10 0.35 gram atoms of chromium and 0.01 gram atoms of vanadium, all in oxide form. 10 
Example 20 

Example 2 was repealed except that a block of a similar alumina-coated monolithic carrier to 
that used in Example 2 was immersed in 3.0 liters of an aqueous solution of a mixture of 
palladium nitrate, chromium nitrate and aluminium nitrate wherein the concentrations of 
1 5 palladium ions, chromium ions and duminium ions were 0.064 gram ions, 1 .30 gram ions and 0.32 15 
gram ions respectively, per liter of the solution. 

The resultant block catalytic composition contained derived from the aqueous solution, 0.015 
gram atoms of palladium, 030 gram atoms of chromium and 0.05 gram atoms of aluminium, all in 
oxide form. 

20 Example 21 2 o 
Example 3 was repeated except that 1 liter of a similar carrier to that used in Example 3 was 
immersed in 3.0 liters of an aqueous solution of a mixture of palladium nitrate, <mromium nitrate 
and aluminium nitrate wherein the concentrations of palladium ions, chromium ions, and 
aluminium ions were 0.022 gram ions, 1.60 gram ions and 0.22 gram ions, respectively* per liter of 

25 the solution. 25 
Hie resultant catalytic composition contained, derived from the aqueous solution, 0.010 gram 
atoms of palladium, U70 gram atoms of chromium and 0.10 gram atoms of aluminium, all in 
oxide form, in 1 liter of the catalyst 
Example 22 

30 Example 2 was repeated except that a block of a similar alumina-coated monolithic earner to 30 
that used in Example 4 was immersed in 3.0 liters of an aqueous solution of a mixture of 
palladium nitrate, chromium nitrate, zirconyl nitrate and bismuth nitrate wherein the con- 
centrations of palladium ions, chromium ions, zirconium ions and bismuth ions were 0.036 gram 
ions, 1.50 gram ions, 0. 18 gram ions and 0.036 gram ions respectively, per liter of the solution. 

35 The resultant monolithic block catalytic composition contained, 0.010 gram atoms of 35 
palladium, 0.40 gram atoms of chromium, 0.50 gram atoms of zirconium and 0.01 gram atoms of 
bismuth, all m oxide form. 
Example 23 

Example 2 was repeated except that a block of a similar alumina-coated monolithic carrier to 
4U that used in Example 2 was immersed in 3.0 liters of an aqueous solution of a mixture of 40 
palladium nitrate, chromium nitrate, zirconyl nitrate and aluminium nitrate wherein the 
concentrations of palladium ions, chromium ions, zirconium ions and aluminium ions were 0.042 
gram ions, 2.1 gram ions, 0.042 gram ions and 0.21 gram ions, respectively, per liter of the 
solution. 

45 The resultant block catalytic composition contained, derived from the aqueous solution, 0.010 45 
gram atoms of palladium, 0.50 gram atoms of chromium, 0.01 gram atoms of zirconium and 0.05 
gram atoms of alurninium, all in oxide form. 
Example 24 

Example 1 ,was re P eated exce P* that a block of a similar monolithic carrier to that used in 
50 Example 1 was immersed in 3.0 liters of an aqueous solution of a mixture of palladium nitrate, 50 
chromium nitrate, bismuth nitrate and vanadium trioxide wherein the concentrations of palladium 
ions, chromium ions, bismuth ions and vanadium ions were 0.O51 gram ions, 1.50 gram ions, 0.10 
gram ions and 0. 1 0 gram ions, respectively, per liter of the solution. 

Hie resultant block catalytic composition contained, 0.010 gram atoms of palladium, 0.30 
55 gram atoms of chromium, 0.20 gram atoms of bismuth and 0.02 gram atoms of vanadium, all in 55 
oxide form. 
Example 25 

Alkali-free hydroxides in the form of dried powder prepared by a precipitation method, viz., 
1.20 gram atoms of chromium in the form of chromium hyrdroxide and 0.08 gram atoms of 

w zirconium in the form of zirconium hydroxide, and 1 liter of activated alumina powder -60 
(200 - 250 mesh (Tyler Standard screen mesh) were mixed well in a mortar. 0.5 liters of alumina 
sol containing 10% by weight of alumina were added to the mixture and water was further added 
to the mixture to .give a suitable consistency thereto. The resultant mixture was moulded into 3 x 
3 mm tablets by means of a compression type tableting machine. The thus moulded tablets were 

* 5 Immersed in 1 liter of an aqueous solution containing 0.02 gram atoms of palladium in the form of 65 



1,424,382 



25 



30 



45 



50 



10 



15 



25 



30 



«w ^^JLSt^JSS^ catalyt,c tablets havin * - -w 

20. hydroxide were nS tSe i, a ^toms of palladium in the form of palladium 

alumina powd«f20Q ?sn™hL ^ Jc m ? tnw were added 1 ««« of activated 2n 

of ESSE water wl ?uXr add dto ?h" e mi* ° f • a,Umin3 S ?, COntaini " 8 10% * 
resultant mixture^ Sded nto 3 J ?™ ESTi! 8 ^ 3 SU j tabIe consisten cy ^reto. The 
machine. The tfiJKS. E at ? 20°C Ssta Srf?T ?- a COmpreSs5on *l* feting 
8 hours to give catalytic tablets havtae a* «/ a l J^? d smtered . l n a streani of air at 700°C for 
paUadium. & CataJytlc """P 01 * 0 *. oxides of chromium, bismuth and 

Example 28 

hydroxide, and 1 liter TalumS JSi!So5Soi2!^ ° f 

were mixed together in a mortar To h» i w 1 .f 5 ? m ? h ( Tvler Standard screen mesh) 
10% by weigh? it £ taffrfdS ^ d t ; S " tere .°f alu ^a ? olco„tainini 

consistency thereto. The resultant SnTJSi#. t0 , ,te , , " Bl * t0 » ve a stable 
35 compression type ShfcSJSSSe ^.e hhTSL * mt0 / X 3 tablets ^ means ° f a 
containing 0.02 grem a^o&Sm^ 'VEJTF?* 1 Bter of 3,1 a 1 ueous «*»«« 35 
tabletswere removed fiomfte MttSdSad iU20rRkflSSr 7^ *"* immCrSed 
at 700°C for 8 hours to give otdrtfc tabk* havW « 7 1 f 1 """ 8 3,1(1 Smtered " a stream of 811 
„ zirconium, bismuth anSaS m& 35 Cat3,ytlC com P onents > of chromium, 

w Example 29 

Example 30 

thafS'to £taEyt2*E2^-- b ^^ * *^"«toniliMM > o«tod monoUthic canierto 50 
paUaS ri£? l S&hi 1 52S bari™ ■» Sduti0n of a mixture of 

SS^^SSrfJE^KSff of chronuum ' 002 *- atorasof 

60 e£$ P 1 was W KSmTott^V a b, ° Ck ° f 3 T*" mondithic cafrier to *»t used in 

ions chromium ^tJiKSdSSS ta tT! fo^^^SS 
Se er re TuC 1 and °-°v!J^ i0nS ^P^avely, per liter 71 solution ^ ^ *"* 10 " S » 
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magnesium and 0.01 gram atoms of bismuth, all in oxide form. 
Example 32 

Example 3 was repeated except that 1 liter of a similar carrier to that used in Example 5 was 
immersed in 1.50 liters of an aqueous solution of a mixture of palladium nitrate, chromium 
5 nitrate, magnesium nitrate and vanadium trioxide wherein the concentrations of palladium ions, 5 
chromium ions, magnesium ions and vanadium ions were 0.020 gram ions, 2.4 gram ions, 0.20 
gram ions and 0.10 gram ions respectively, per liter of the solution. 

The resultant catalytic composition contained metal oxides in which 0.010 gram atoms of 
palladium, 1.2 gram atoms of chromium, 0.10 gram atoms of magnesium and 0.05 gram atoms of 
10 vanadium were present in 1 liter of the catalytic composition. 10 
Example 33 

Example 2 was repeated except that a block of a alumina-coated monolithic carrier similar to 
that used in Example 4 was immersed in 3.0 liters of an aqueous solution of a mixture of 
palladium nitrate, chromium nitrate, strontium nitrate and zirconyl nitrate wherein the 
15 concentrations of palladium ions, chromium ions, strontium ions and zirconium ions were 0.018 15 
gram ions, 0.72 gram ions, 0.072 gram ions and 0.036 gram ions, respectively, per liter of the 
solution. 

The resultant monolithic block catalytic composition contained 0.005 gram atoms of 
palladium, 0.20 gram atoms of chromium, 0.02 gram atoms of strontium and 0.01 gram atoms of 
20 zirconium all in oxide form. 20 
Example 34 . 

Example 1 was repeated except that a block of a similar monolithic carrier to that used in 
Example 6 was immersed in 3.0 liters of an aqueous solution of a mixture of palladium nitrate, 
chromium nitrate, strontium nitrate and aluminium nitrate wherein the concentrations of 

25 palladium ions, chromium ions, strontium ions and aluminium ions were 0.096 gram ions, 3:8 25 
gram ions, 0.38 gram ions and 0.38 gram ions respectively, per liter of the solution. 

The resultant monolithic block catalytic composition contained, derived from the aqueous 
solution,. 0.015 gram atoms of palladium, 0.60 gram atoms of chromium, 0.06 gram atoms of 
strontium and 0.06 gram atoms of alurnmium, all in oxide form. 

30 Example 35 30 
Example 2 was repeated except that a block of a similar alumina-coated monolithic carrier to 
that used in Example 4 was immersed in 3.0 liters of an aqueous solution of a mixture of 
palladium nitrate, chromium nitrate, barium nitrate, zirconyl nitrate and aluminium nitrate: in 
which the concentrations of palladium ions, chromium ions,, barium ions, zirconium ions and 

35 alurnmium ions were 0.036 gram ions, 1.80 gram ions, 0.18 gram ions, 0.073 gram ions, and 0.18 35 
gram ions respectively, per liter of the solution. The resultant monolithic block catalytic 
composition contained, derived from the aqueous solution 0.010 gram atoms of palladium, 0.50 
gram atoms of chromium, 0.05 gram atoms of barium, 0.02 gram atoms of zirconium and 0.05 
gram atoms of alurninium, all in oxide form. . 

40 Example 36 40 
Example 2 was repeated except that a block of a similar alumina-coated monolithic carrier to 
that used in Example 2 was immersed in 3.0 liters of an aqueous solution of .a mixture of 
palladium nitrate, chromium nitrate, magnesium nitrate, zirconyl nitrate, and bismuth nitrate 
wherein the concentrations of palladium ions* chromium ions, magnesium ions,. zirconium ions and 

45 bismuth ions* were 0.042 gram ions, 1.70 gram ions, 0.21 gram ions, 0.085 gram ions and 0.042 45 
gram ions respectively, per liter of the solution. 

The. resultant block catalytic composition contained^ derived from the aqueous solution, 0.010 
gram atoms of palladium, 0.40 gram atoms of chromium, 0.05 grarh atoms.of magnesium, 0.Q2 
gram atoms of zirconium and 0.01 gram atoms of bismuth, all in oxide form. 

50 Example 37 - 50 

Example 1 was repeated except that a clock of a similar monolithic carrier to that used in 
Example 6 was immersed in an aqueous solution t>f a mixture of palladium nitrate, chromiurn 
nitrate, strontium nitrate, bismuth nitrate and vanadium trioxide wherein the concentrations of 
palladium ions, chromium ions, strontium ions, bismuth ions and vanadium ions were 0,064 gram 

55 ions, 1.90 gram ions, 0.13 gram ions, O.ia gram ions,.and 0.13 gram ions respectively, per liter of 55 
the solution. ' - .;• 

The resultant monolithic block catalytic composition contained,' 0,010 gram atoms of 
palladium, 0.30 gram atoms of chromium, 0.02 , gram atoms of strontium, 0.02 gram atoms of 
bismuth -and 0.02 gram atoms of vanadium, all in oxide form. 

60 Example 38 . 60 
Example 2 was repeated except that a block of a similar alumma^oated monohtmc jcarrier; to 
that used in Example 4 was immersed in 3 liters of an aqueous solution of a mixture of palladium 
nitrate, chromium nitrate, barium nitrate, magnesium nitrate and zirconyl nitrate wherein the 
concentrations of palladium ions, chromium ions barium ions, magnesium ions arid zirconium ions 

65 were 0.036 gram ions, 1.50 gram ions, 0.18 gram ions,. 0.036 gram. ions, and 0.073 gram ions 65 
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respectively, per liter of the solution. 

c^l 1 ^^ mono } ithic catalytic composition contained, derived from the aqueous 

solution 0 010 gram atoms of palladium, 0.40 gram atoms of chromium, 0.05 gram atoms of 
barium, 0.01 gram atoms of magnesium and 0.02 gram atoms of zirconium, all in oxide form 
example Jy 

Example 2 was repeated except that a block of a similar alumina-coated monolithic carrier to 5 
that used in Example 2 was immersed in 3.0 liters of an aqueous solution of a mixture of 
palladium nitrate, chromium nitrate, barium nitrate, strontium nitrate and aluminium nitrate 
wherein the concentrations of palladium ions, chromium ions, barium ions, strontium ions and 
aluminium ions were 0.042 gram ions, 1.70 gram ions, 0.13 gram ions, 0.13 gram ions ^0^1 ,n 
gram ions respectively, per liter of the solution. 10 

■^i, 16 ^? 1 monolithic block catalytic composition contained, derives from the aqueous 
S&i m at °"J S of P aUadlum . 040 gram atoms of chromium, 0.03 gram atoms of 

15 Example -40 813111 ^ tium 0 05 613111 atoms of atominium, all m oxide form. 

Example 2 was repeated except that a block of a similar alumina-coated monolithic carrier to 
nlulZ 5 >n Example 4 was immersed in 3.0 liters of an aqueous solution of a mixture of 
Sl^S C * 0mnl ?u mtrate ' barium ""rato. strontium nitrate, zirconyl nitrate and 
20 JSE * Whfireu ? 11x6 eo^totiom of palladium ions, chromium ions? barium ions, 
20 strontium ions zirconium ions and aluminium ions were 0.036 gram ions, 1.50 gram ions 0 073 
gram ions, 0.073 gram ions, 0.073 gram ions and 0.073 gram i^espekvelyfpTr lito'S 

cnii 16 ^?* mono i ithic composition contained, derived from the aqueous 

25 SrVim 10 8™ aton f° f Palladium, 0.40 gram atoms of chromium, 0.02 gram atoms of 

*KSKf Stl0DtiUm ' 0 02 *" n at ° mS ° f ^ °-° 2 ^ at0mS of 25 

Example 41 

v^T^t 1 ^ re P ea ^ d e^fPt *»* 3 block of a similar monolithic carrier to that used in 
30 53™. ^ " nmeised m 3 Hters of an aqueous solution of a mixture of palladium nitrate, 

<^orruum nitrate, barium mtrate magnesium nitrate, bismuth nitrate and vanadium trioxide 
SL co ^ tia j? ons . of P^ ad ™n ions, chromium ions, barium ions, magnesium ions, 
n, A ^ Vanadl " mions *!» 0077 eram ions, 1.90 gram ions, 0.10 gram ions, 0.10 grarri 

ions, 0.10 gram ions and 0.10 gram ions, respectively, per liter of the solution. 
3S < n ^Ln£? mono i ithic b J«* catalytic composition contained, derived from the aqueous 
33 sohibon, 0.015 gram atoms of palladium, 030 gram atoms of chromium, 0.02 gram atoms of 

tonum, 0.02 gram atoms of magnesium, 0.02 gram atoms of bismuth and 0.02 gram atoms of 

vanadium, all in oxide form. 

Example 42 

40 o ?^" fre ? hydr ?*i des in *J f °nn of dried powder prepared by a precipitation method, viz., 
0.20 gram atoms of chromium in the form of <Aromium hydroxide, 0.005 gram atoms of barium 
ui the form of banumhydroxide and 0.005 gram atoms of zirconium in the form of zirconium 
hydroxide, and 1 liter of activated alumina powder (200 - 250 mesh (Tyler Standard screen mesh) 
J 5 D ? e . d ^ a mortar - To ^ n^ 4 " 16 were added 0.5 liters of alumina and water was 

45 Tff , to . £ e "^^J 0 ^* 6 a suitable consistency thereto. The resultant mixture was 

moulded mto 3 x 3 mm tablets. The tablets were dried at 120°C for 15 hours and immersed in 1 
X™ 2? a 2 ueo Y s solutlon containing 0.01 gram atoms of palladium in the form of palladium 
mtrate. Hie i thus immersed tablets were removed from the solution, dried at 120°C for 15hours, 
and sintered in a stream of air at 700°C for g hours to give catalytic tablets having, as catalytic 
components, oxides of chromium, barium, zirconium and palladium y 
u Example 43 

Alkali-free hydroxides in the form of dried powder prepared by a precipitation method, viz., 
0.40 gram atoms of chromium in the form of chromium hydroxide, 0.01 gram atoms of 
™K 1Um . "1 ft V om i of magnesium hydroxide, 0.01 gram atoms of vanadium in the form of 
55 ST h y dro » de md 0-010 gram atoms of palladium in the form of palladium hydroxide, were 
S f^LFZ? 0 ??-? 0 * mixture were added 1 liter of activated alumina powder 
™;i7 2 £° 1 me ? h » Standard screen mesh) and 0.5 liters of alumina sol containing 10% by 
wei^t ofalurruna, and water was further added to the mixture to give a suitable consistency 
J^^Tm « reSul ^ t m P ttnr ?, was moulded into 3 x 3 mm tablets hy means of a compression 

60 Kr^Smlf r f h TJ be H blel8 ^ en dried at 120 ° C for 15 hours andsintered in astream 
ot air at 700 C for 8 hours to give catalytic tablets having, as catalytic components, oxides of 
chromium, magnesium, vanadium and palladium. ' 
Example 44 

Alkali-free hydroxides in the form of dried powder prepared by a precipitation method, viz., 
65 t m J t ? m ? ° f v h 5 0I ™i m foim o*" chromium hydroxide, 0.03 gram atoms of barium in 
the form of banum hydroxide, 0.02 gram atoms of strontium in the form of strontium hydroxide, 65 
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0.03 gram atoms of zirconium in the form of zirconium hydroxide and 0.02 gram atoms of 
palladium in the form of palladium hydroxide, were mixed well in a mortar. To the mixture were 
added 1 liter of activated alumina powder (200 — 250 mesh, Tyler Standard screen mesh) and 0.5 
liters of alumina sol containing 1 0% by weight of alumina, and water was further added to the 
5 mixture to give a suitable consistency thereto. The resultant mixture was moulded into 3x3 mm 5 
tablets by means of a compression type tableting machine. The tablets were then dried at 120°C 
for 1 5 hours and sintered in a stream of air at 700° C for 8 hours to give catalytic tablets having, as 
catalytic components, oxides of chromium, harium, strontium, zirconium and palladium. 
Example 45 

10 Alkali-free hydroxides in the form of dried powder prepared by a precipitation method, viz., \q 
1.20 gram atoms of chromium in the form of chromium hydroxide, 0-02 gram atoms of 
magnesium in the form of magnesium hydroxide, 0.05 gram atoms of zirconium in the form of 
zirconium hydroxide and 0.03 gram atoms of bismuth in the form of bismuth hydroxide, and 1 
liter of activated alumina powder (200 - 250 mesh, Tyler Standard screen mesh) were mixed well 

15 in a mortar. To the mixture were added 0.5 liters of alumina sol containing 10% by weight of 15 
alumina, and water was further added to the mixture to give a suitable consistency thereto. The 
resultant mixture was moulded into 3x3 mm tablets by means of a compression type tableting 
machine. The tablets thus obtained were dried at 120°C for 15 hours and immersed in 1 liter of an 
aqueous solution containing 0.02 gram atoms of palladium in the form of palladium nitrate. The 

20 thus irnmersed tablets were removed from the solution, dried at 120°C for 15 hours and sintered 20 
in a stream of air at 700°C for 8 hours to give catalytic tablets having, as catalytic components, 
oxides of chromium, magnesium, zirconium, bismuth and palladium. 
Example 46 

Alkali-free hydroxides in the form of dried powder prcpracd by a precipitation method, viz., 

25 1:50 gram atoms of chromium in the form of chromium hydroxide, 0.03 gram atoms of strontium 25 
in the form of strontium hydroxide, 0.03 gran atoms of magnesium in the form of magnesium 
hydroxide, 0.03 gram atoms of vanadium in the form of vanadium hydroxide and 0.03 gram atoms 
of bismuth in the form of bismuth hydroxide, and 1 liter of activated alumina powder (200 - 250 
mesh, Tyler Standard screen mesh) were mixed well in a mortar. To the mixture were added 0.5 

30 liters of duraina sol containing 10% by weight of alumina, and water was further added to the 30 
mixture to give a suitable consistency thereto. The resultant mixture was tableted into 3x3 mm 
tablets by means of a compression type tableting machine. The thus moulded tablets were dried at 
120°C for 1 5 hours, and immersed in 1 liter of an aqueous solution containing 0.02 gram atoms of 
palladium in the form of palladium nitrate. The thus immersed tablets were removed from the 

35 solution, dried at 120°C for 1 5 hours and sintered in a stream of air at 700°C for 8 hours to give 35 
catalytis tablets having, as catalytic components, oxides of chromium, strontium, magnesium, 
vanadium, bismuth and palladium. 

Twelve Comparative Examples are described in the following for the purpose of comparison 
with the catalytic compositions of the present invention. 

40 Comparative example 1 4Q 
1 liter of a commercially available cH^urnina carrier (6^8 mesh, Tyler Standard screen mesh), 
was immersed in 1.5 liters of an aqueous solution of a mixture of copper nitrate and chromium 
nitrate wherein the concentrations of copper ions and chromium ions were 1.0 gram ions and 2.0 
gram ions, respectively, per liter of the solution. The thus immersed carrier was removed from the 

45 solution, dried at 120 C for 15 hours and sintered in a stream of air at 750°C for 6 hours. The 45 
resultant catalytic composition contained 0.5 gram atoms of copper and 1.0 gram atom of 
chromium both in oxide iprm per 1 liter of the catalytic composition. 
Comparative example 2 

Comparative Example 1 was repeated except mat 1 liter of the same kind of alumina carrier as 
50 used in Comparative Example 1 was immersed in 1.50 liters of an aqueous solution of a mixture of 50 
copper, nitrate, chromium nitrate and palladium nitrate in which the concentrations of copper 
ions, chromium ions and palladium ions were 1.0 gram ion, 2.0 gram ions, and 0.02 gram ions, 
respectively, per liter of the solution. 

The resultant catalytic composition contained 0.5 gram atoms of copper, L0 gram atom of 
55 chromium and 0.01 gram atoms of palladium, all in oxide form per 1 liter of the catalytic 55 
composition. 
Comparative example 3 

Comparative Example 1 was repeated except that 1 liter of the same kind of alumina carrier as 
used in Comparative Example 1 was immersed in 1.50 frteTSof an aqueous solution of a mixture of 
60 nickel nitrate and chromium nitrate in which the concentrations: of nickel ions and chromium ions (fl 
both were 1 . 5 .gram ions per liter of the solution. 

The resultant catalytic composition contained 0.75 gram atoms of nickel and 0.75 gram atoms 
of chromium both in oxide form in 1 liter cf the catalytic composition. . 
Comparative example 4 

^5 Comparative Example 1 was repeated except that. 1 liter of the same kind of alumina carrier as 65 
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used in Comparative Example 1 was immersed in 1 .50 liters of an aqueous solution of a mixture of 
manganese nitrate, chromium nitrate and copper nitrate wherein the concentrations of manganese 
ions, chromium ions and copper ions were 1.0 gram ion, 2.0 gram ions, and 1.0 gram ion 
respectively, per liter of the solution. * 
The resultant catalytic composition contained 0.5 gram atoms of manganese, 1.0 gram atom of 
chromium and 0.5 gram atom of copper, all in oxide form in 1 liter of the catalytic composition 
Comparative example 5 

Comparative Example 1 was repeated except that 1 liter of the same kind of alurnina carrier as 
used in Comparative Example 1 was immersed in 1.5 liters of an aqueous solution of palladium 
nitrate in which the concentration of palladium ions was 0.020 gram ions per liter of the solution 
ine resultant catalytic composition contained, when calculated as metal 0.010 gram atoms of 
paUadiumin the form of oxide in 1 liter of the catalytic composition. 
Comparative example 6 

i< 11 A ,?* 785 . [iter c ° rdierit e block carrier was immersed in 3.0 liters of an aqueous solution of 
13 palladium titrate wherein the concentration of palladium ions was 0.12 gram ions per liter of the i« 

solution. Trie thus immersed carrier was removed from the solution, dried at 120°C for 15 hours 

and sintered in a stream of air at 800°C for 4 hours. 

forrr? 6 resultant block catalvt ic composition contained 0.022 gram atoms of palladium in oxide 
20 Comparative example 7 

A block of the same kind of monolithic carrier as used in Comparative Example 6 was 20 
immersed in a commercially available alumina sol and sintered at 700°C for 3 hours to deposit 
f^^^^u^ P% same P rocess ™* seated two times so that the monolithic carrier 

™ y weight of P^a-alumina was finally coated. 

The block of the thus alumina-coated monolithic carrier was immersed in 3.0 liters of an 25 
aqueous solution of palladium nitrate wherein the concentration of palladium ions was 0.036 gram 
i ™ o £ e * ,5 v *™to m ' ^ mu s immersed carrier was removed from the solution, dried at 
12UC tor 15 hours and sintered in a stream of air at 750°C for 6 hours 
30 form 16 IeSUltant block ^V* 0 composition contained 0.010 gram atoms of palladium in oxide 
Comparative example 8 . ' 30 

Comparative Example 1 was repeated except that 1 liter of the same kind of durnina carrier as 
used m Comparative Example 1 was immersed in 1.50 liters of an aqueous solution of a mixture of 
pauadium nitrate and chromium nitrate wherein the concentrations of palladium ions and 
chromium ions were 0.20 gram ions and 6.2 gram ions, respectively, per liter of the solution. 35 
*f J£ e ~?T - ^ytic composition contained .0.010 gram atoms of paUadium and 3.1 gram 
atoms of chromium, both in oxide form in 1 liter of the catalytic composition. - 
Comparative example 9 . ... v 

40 „ J^n*^ 6 ^ cam J rte 1 w as repeated except that 1 liter of the same kind of alumina carrier as 

M*!? ^P"? Uve f xa P ple 1 was hi 1.5 liters of an aqueous solution of a mixture of 40 

pauadium nitrate and chromium nitrate • wherein the concentrations of palladium ions and 
criromium ions were 0.020 gram ions and 0.06 gram- ions, respectively, per liter of the solution. 

me resultant catalytic composition contained 0.010 gram atoms of palladium and 0.03 warn 
atoms of chromium, both in oxide form in 1 liter of the catalytic composition. 
4> Comparative example 10 . 

Comparative Example 1 was repeated except that I liter of the same kind of alumina carrier as 
used in Comparative Example 1 was immersed in 1.50 hters of an aqueous solution of a mixture of 
palladium nitrate and chromium nitrate wherein the concentrations of palladium ions and 
50 cnr ^ uum we 1 * 0.0004 gram ions and 2.0 gram ions, respectively, per liter of the solution. 

The resultant catalytic composition contained 0.0002 gram atoms of palladium and 1.0 gram 50 
atom ofchromium, both in oxide form in i liter of the'catalytic composition. • 
Comparative example 11 . 

Comparative Example 7 was repeated except that a block of the same kind of a alumina-coated 
55 ^ on ^™c earner as used in Comparative Example 7 was immersed in 3.0 liters of an aqueous 
solution of a mixture of palladium nitrate, chromium nitrate and strontium nitrate wherein the 
concentrations of palladium ions, chromium ions and strontium ions were 0.042 gram ions, 1.70 
gram 10ns and 1.28 gram ions, respectively, per liter of the solution. 

n^n^Sf* mon + olithic ' catalytic composition contained 0.010 gram atoms of 

palladium 0.40 gram atoms of chromium and 0.30gFam atoms of strontium, all in oxide form. 

vv Comparative example 12 , . . 

Comparative Example 7 was repeated except that a block of the same kind of ammma-coated 
monolithic earner as used in Comparative. Example 7 was immersed, in 3.0 liters of an aqueous 
solution of a rnixturc of palladium nitrate, chromium nitrate and strontium nitrate wherein the 
concentrations of palladium ions, chromium ions and strontium ions were 0.042 nam- ions, 1 ;70 

y j gram 10ns, and 0.021 gram ions, respectively,. per liter, of the solution. $5 
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The resultant block catalytic composition contained 0.010 gram atoms of palladium, 0.40 gram 
atoms of chromium and 0.005 gram atoms of strontium, all in oxide form. 

Tests were conducted with the catalytic compositions prepared in Examples 1 to 55 and 
Comparative Examples 1 to 12 to determine the activities thereof. Gases A and B having the 
5 compositions indicated in Table 1 below were used as models in the test, wherein the model gas A 5 
was used for oxidation reactions while the model gas B was used for reduction reactions. The 
oxidation and reduction reactions were performed at a space velosity of ISOOOhr*" 1 . 
Temperatures of the catalyst bed used were varied in a range of from 100°C to 600°C so that a 
general relation between temperatures and the efficiencies of conversion of propane, carbon 
10 monoxide and/or nitrogen monoxide was determined. The efficiency of conversion herein 10 
mentioned is intended to mean the proportion in percentage of carbon monoxide, propane or 
nitrogen monoxide converted into innocuous compounds such as carbon dioxide, nitrogen and 
water. 

15 Table 1 15 
Constituents Model gas A Model gas B 

Carbon monoxide, 
20 Propane, 

Nitrogen monoxide, 

-Carbon dioxide, 

Oxygen, 

Water vapour, 
25 Nitrogen, 

The relationship between conversion efficiency and temperatures thus determined is, for 
example, illustrated .by the ^raph in the accompanying drawing. 
30 .Temperatures at which the conversion of carbon monoxide, propane and nitrogen monoxide 30 

readied 90% were obtained from the relation indicated by the curve. These temperatures were 
used for comparison between the catalytic composition of the present invention and the catalytic 
compositions described in Compatative Examples 1 to 12. 

It is, in this instance, apparent that the lower the temperature providing the conversion of 90 
35 per cent, the -higher the low-temperature activity of the catalytic composition and vice versa. Thus, 35 
the objectives of the present invention will be best met by catalytic compositions exhibiting the 90 
per cent conversion ^it lower temperatures. 

• Tests were further conducted to evaluate the durabilities of the catalytic compositions prepared 
in Examples 1 to 55 and Comparative examples 1 to 12. For this purpose, the catalytic 
compositions to be tested were positioned in a front muffler of an exhaust system of an 40 
automotive 4-cycle, 4 cylinder internal combustion engine having a 1600 cc displacement An 
output shaft of the engine was connected to a widely used dynamometer to load the engine. The 
engine, was powered by leadless gasoline and cyclically driven through modes of operation 
including acceleration, normal cruising, deceleration and idling under the conditions analogous to 
45 the durability test standards established by AMA {Automobile Manufacturers' Association, United 45 
States of America). Secondary air was introduced into the exhaust system upstream of the 
catalytic composition where the catalytic composition was used for oxidation, while, in the test in 
which the -catalytic composition -was used for reduction, secondary air was not supplied to the 
exhaust system. 

50 The catalytic compositions which had been operated on the tests in which the engine was 50 
driven to simulate 5000 km cruising of a motor vehicle were tested for activity with use of the 
model gases A and B, ^whereby temperatures providing 90 per cent conversion of die catalytic 
compositions were determined. The difference between the 90 per cent conversion achieved by the 
catalytic compositions before and after the durability tests is considered to provide a useful 

33 criterion for the evaluation of the durability of the catalytic compositions. Thus, the smaller such 55 
difference, the higher the durability of the catalytic composition vdll be. 
The test results are shown in Table Z 

It will be apparent from Table 2 that the catalytic compositions represented by Examples 1 to 
55 are vastly superior in low-temperature activity and durability to the prior art catalytic 
compositions represented by the Comparative Examples 1 to 12. 60 
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Catalysts 



Example 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
■12 
' 13 
14 
15 
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17 
18 
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20 
• 21 : 

22 ' 

23 ' - 
24 

25 • 
' V 26 

- It- 
is 

' 29 ' 
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32 
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35 
36 
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41 ' 
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Example 

1 ••-*' 

: * 2 : 

3 
4 
5 
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WHAT WE CLAIM IS:- 

1. A catalytic composition for treating exhaust gases containing carbon monoxide, hydro- 
carbons and nitrogen oxides, said catalyst composition comprising a carrier and palladium and 
chromium each being in oxide form, the palladium and chromium being supported by the carrier, 

5 the palladium being present in an amount of 0.0003 to 0,1 gram atoms per litre of carrier, the 5 
chromium being present in an amount of 0.05 to 3.0 gram atoms per litre of carrier, and the 
composition being free from copper oxide, the composition further comprising at least one further 
oxide having catalytic activity and selected from barium, magnesium, strontium, zirconium, 
bismuth, vanadium and aluminium oxides, the total amount in gram atoms of the metal or metals 
10 of said at least further oxide being within the range of 1/50 to 1/2 of the amount in gram atoms of 10 
the chromium. 

2. A catalytic composition as claimed in claim 1, wherein said carrier is monolithic. 

3. A catalytic composition as claimed in claim 2, wherein said carrier is formed from 
cordierite, beta-spodumene or alpha-alumina. 

15 4. A catalytic composition as claimed in claim 3, further including activated alumina deposited 15 
on said cordierite, beta-spodumene or alpha-alumina. 

5. A catalytic composition as claimed in claim 4, wherein said activated alumina is 
gamma-alumina or kappa-alumina. 

6. A catalytic composition as claimed in claim 1, wherein said carrier is non-monolithic. 

20 7. A catalytic composition as claimed in claim 6, wherein said carrier is formed from 20 
alpha-alumina,. gamma-alumina, delta-alumina or chi-alumina. 

8. A method of preparing a catalytic composition as claimed in claim 1, the method 
comprising: forming a carrier in a desired shape; immersing said carrier in a solution ccmtaining 
water-soluble compounds of palladium and chromium, the solution further including at least one 

25 salt or other compound of barium, magnesium, strontium, zirconium, bismuth, vanadium and 25 
aluminium; drying the carrier and thereafter sintering the carrier at 600 to 900°C. 

9. A method as claimed in claim 8, wherein the palladium compound is palladium nitrate, 
palladium bromide, palladium chloride or palladium sulfate. 

10. A method as claimed in claim 8 or 9, wherein said chromium compound is chromium 

30 nitrate, chromium acetate, ammonium chromate, ammonium dichromate or chromium trioxide. 30 

11. A method as claimed in any of claims 8 to 10, wherein the barium salt is barium nitrate, 
barium acetate, barium formate, barium chloride, barium bromide or barium iodide. 

12. A method as claimed in any of claims 8 to 11, wherein the magnesium salt is magnesium 
nitrate, magnesium acetate, magnesium chloride, magnesium bromide or magnesium iodide. 

35 13. A method as claimed in any of claims 8 to 12, wherein the zirconium salt is zirconyl 35 
nitrate, zirconium nitrate, zirconium chloride or zirconium iodide. 

14. A method as claimed in any of claims 8 to 13, wherein said strontium salt is strontium 
nitrate, strontium chloride, strontium bromide or strontium iodide. 

15. A method as claimed in any of claims 8 to 14, wherein the bismuth compound is bismuth 

40 nitrate, bismuth pxide, bismuth chloride or bismuth bromide. 40 

16. A method as claimed in any of claims 8 to 15, wherein the vanadium compound is 
vanadium chloride, vanadium bromide or vanadium oxide. 

17. A method as claimed in any of claims 8 to 16, wherein the aluminium salt is aluminium 
acetate, aluminium chloride, aluminium bromide or aluminium iodide. 

45 18. A method of preparing a catalytic composition as claimed in claim 1, the method 45 
comprising: mixing chromium hydroxide, activated alumina and alumina sol; incorporating at least 
one further hydroxide selected from hydroxides of barium, magnesium, strontium, zirconium, 
bismuth and vanadium into the mixture; moulding the mixture incorporating said at least one 
further hydroxide into a desired shape; immersing the moulding in a solution of a palladium salt 

50 selected from palladium nitrate, palladium chloride, palladium bromide and palladium sulfate; and 50 
thereafter sintering the moulding at a temperature of 600 to 900° C. 

19. A method of preparing a catalytic composition as claimed in claim 1, the method 
comprising: mixing powders of chromium hydroxide, palladium hydroxide and activated alumina 
and dumina sol; incorporating at least one further hydroxide selected from hydroxides of barium, 

55 magnesium, strontium, zirconium, bismuth and vanadium into the mixture; moulding the resultant 55 
mixture incorporating said at least one further hydroxide into a desired shape; drying and sintering 
the moulding at a temperature of 600 to 900° C. 

20. A catalytic composition substantially as hereinbefore described in any of Examples 1 to 

46. 
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